1*7 



per 



WORLO IMLLLLCTL AL PROPERTY ORC.AM/ WtO\ 
Inicrn.iuonjl Hutc.iu 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ■* : 
A61F 2/16, C02C 7/04 


AI 


(11) International Publication Number: WO 86/ 03961 
(43) International Publication Date: 17 July I9S6 (I7.07.S6) 


(21) International Application Number: PCT/FIS5/00103 

(22) International Filing Date: 30 December 19S5 (30.I2.S5) 

(31) Priority Application Number: 345177 


Published 

With international search report. 



(32) Priority Date: 

(33) Priority Country : 



31 December 1984 (31.12.84) 
FI 



(71)(72) Applicant and Inventor: VAN MAS, Antti [FI/FI]; 
Pohjoisranta 10 A 7, SF-00170 Helsinki (FI). 

(74) Agent: BERGGREN OY AB; PB 16, SF-00101 Helsin- 
ki (FI). 



(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), DE (European patent), DK, FI, GB 
(European patent), HU, IT (European patent), JP, NL 
(European patent), NO, SE (European patent), SU. 



(54)Title: INTRAOCULAR LENS 




(57) Abstract 

ract operation ^VJ™ ^ ihQ n ^ U ^ IenS of the e >' e <"> is re P Iaccd in connection with. Tor example, a cata- 

apes Ire Si u 3 °^ ,ntraocular 1<ns w hich has advantageously two different focal distances (S, 9), two im- 

d?siS?rJri 0 V h - renn V 3) - ° nC ° f thC imagCS bein ^ shar > at cIose distancc < 7 < 7 ') and other being sharp at ion. 
distance (6, 6 ). The hrain emphasizes the desired image. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCTon the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BG 


Bulgaria 


BR 


Brazil 


CF 


Central African Republic 


CG 


Congo . 


CH 


Switzerland 


CM 


Cameroon 


DC 


Germany. Federal Republic of 


DK 


Denmark 


n 


Finland 


FR 


France 



GA 


Gabon 


G8 


United Kingdom 


HU 


Hungary 


rr 


Italy 


jp 


Japan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


MC 


Monaco 


MG 


Madagascar 


ML 


Mali 



MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

RO Romania 

SD Sudan. 

SE Sweden 

SN Senegal 

SU Soviet Union 

TD Chad 

TG Togo 

US United States of America 



WO 86/03961 



PCT/FI85/00103 



Intraocular lens 



The invention relates to an intraocular lens to be fitted 
inside the eye. 

The lens of the eye is usually removed in connection with 
a cataract operation. In this case the function of the lens 
has to be compensated for by means of, for example, 
spectacles or contact lenses. However, in this case the 
spectacles are very. strong and therefore thick and heavy. 
The use of contact lenses is often also difficult, and 
owing to the irritation caused by them they are not suitable 
for all cataract operation patients. 

Therefore in recent years the use of a so-called 
intraocular lens, a lens fitted inside the eye in connection 
with a cataract operation to replace the natural lens, has 
been started. The lenses are classified for example on the 
basis of the location of the lens, in which case the lenses 
are called chamber angle supported lenses, iris supported 
lenses, and posterior chamber supported lenses. In this 
case the attaching means fitted to the lens is supported 
by the respective chamber. The optical part of the lens is 
usually made of polymethyl methacrylate (perspex) , either 
by turning or by casting. The lenses can also be classified 
on the basis of the material and design of the supporting 
loops or feet. The supporting loop or foot may be. of 
polypropylene, either clear or colored, usually blue. 

All previously known lenses are characterized by spherical 
optics, realized by means of convexity of the front surface 
or the back surface of the lens. These spherical intraocular 
lenses have the disadvantage that they form a sharp image 
at only one distance. Thus, if the lens has been 
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preoperative^ designed to correct the patient's distant 
vision, the patient has to use reading spectacles in close 
work. Respectiveiy. the iens can be designed to correct 
the patient's near vision, if the patient uses most of . 
his time in, for example, reading, writing, or similar 
close work. 

The object of the invention is to provide an intraocular 
lens which corrects the patient's visual acuitv, both near 
and distant. Such a bifocal intraocular lens (BIOL) is 
produced according to the invention by dividing the lens 
into at least, two parts with different refractive powers. 

If, in accordance with the invention, the lens is made up 
of two parts, the first and the second part, the second- 
part can be located in, for examp!e, the center of the lens 
on its main axis, in which case the first part is made up ' 
of the peripheral part of the lens. 

The diameter of the lens is about 6 mm. m the above- 
mentioned case the central part is 1.8-2.3 mm. By this 
arrangement, there are produced on the retina two images 
of which the brain emphasizes the more important, depend ng 
on the situation. According to the invention it is also 
Possible to fit several parts in the lens, whereby 
respectively several sharp images are produced on the retina. 

According to the invention, the first part of the lens is 
of a f lr st material and the second lens of a second 

be a ina ri d al ; f the """"" «=~"icl„t of the second material 
being different from that of the first. According to the 
invention, the second part of the lens is in thil case 

c« e ^ oflh 7 h ° le ' ° aVity " dePreSSi °" in 
center of the lens. The hole may extend through the lens. 

whereby a so-called pinhole is obtained. There need not 
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necessarily be a hole in the center of the lens, but it is 
possible to fit in it a sleeve parallel to the main axis 
of the lens, the sleeve forming the said pinhole. 

The central part refracts close-distance light and the 
peripheral part longer-distance light, or vice versa. By 
changing the size of the central part it is possible to 
accomplish an optimal balance between the simultaneously 
visible long-distance and close-distance images. 

It is also possible according to the invention to weight 
one eye for near vision and the other for distant vision. 

According to the invention the lens may also be made 
aspherical, in which case the first part of the lens has 
a different refractive power from its second part.. 

The invention is described below in greater detail with 
reference to the accompanying figures, in which 

Figure 1 depicts an eye with a conventional intraocular 
lens, 

Figure 2 depicts an eye with a bifocal. intraocular lens, 
Figures 3-12 depict bifocal intraocular lenses which are 
divided into two or several parts having different 
refractive powers. 

In Figure 1, the eye has been fitted with a conventional 
intraocular lens 2 designed for distant vision, in this 
case, rays of ■ light 6, 6' coming from a long distance are 
refracted correctly to one point 3 on the retina of the 
eye. ay contrast, rays of light 7 and 7' coming from a 
close distance are refracted to point 4 and form a blurred 
image in area 5 on the retina of the eye. 
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[2 71 lnt "°= ul « 2. which is divided 

fro. a ion, distance and rays 7 and 7' coming from a closl 
distance, in areas 8 and 9, respectively, to one point 3 on 
the retina of the eye 1. In this case the brain can 
emphasize either the close-distance image or the long- 
distance image, both of them being seen sharp. 

Figures 3 and 4 depict a bifocal intraocular lens which is 
aspherical, the peripheral part 8 of the lens having a 

a different focal distance. Thus, also, two images are 

produced on the re'tina. 

Figure 5 shows a lens in uhi^ ^ ^ 

tens in which a piece of... a material havina 

greater refractive power than the peripheral part 8 has 

fitted in the central area Thus . two different 
images are produced on the retina by means of a lens 
having an even curvature. 

Figure 6 depicts a lens with a so-called pinhole fitted in 
its central area. This can be accomplished either by sloly 
making a small hole throuoh n. i. t simply 
serves as a lens in th! "hereupon this hole 

camera, m th s c e ~ 

second part o the en S r^"" 1 ' C ° nStitut « '«» 

The pinhole ! * di " erent distance. 

inser ed ^""^ by ™™ ° £ * ^ " 

the oinh " Cent " ° f U »" the tube ^limiting 

tne pinhole area 9, y 

ITilT 7° rdin9 t0 Fi9Ure 7 iS dlvi ^ i»to -ny parts 
lens I" th 00 " 6 ' "^"^ — * the axis of Le 

1S cas e, for example, the parts 
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11 can be fitted for near vision and the parts 12 for 
distant vision. 

The lens in Figure 8 is also divided into several areas, 
these areas being in alternation radially, m this case, 
area 11 can be fitted for distant vision and area 12 for 
near vision. 

Figure 9 depicts a lens in which the curvature of the lens 
changes continually. Thereby a continual focussing 
precision at different distances is accomplished. 

Figure 10 depicts a diffraction-type Lens. In this, 
concentric rings are formed in the lens, the thickness of 
the rings decreasing by an amount which corresponds to the 
optical distance of half a wavelength. Thus the semi-wave 
areas 13 and the whole-wave areas 14 produce two different 
images on the retina of the eye. 

By using the so-called "Fresnel" lens according to Figure 
11. it is possible to reduce the thickness, and thereby the 
weight, of the lens. In this case, concentric Fivsael 
prisms 15 are used, their prismatic refractive power 
increasing outwards in the lens. 

The lens according to Figure 12 is divided into two parts 
16 and 17 having different focal distances, the parts being 
located in such a way that the lens is divided radially 
into two parts. 
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Claims 

1. An intraocular lens to be fitted inside the eye, the 
lens being made up of at least two parts having different 
refractive powers. 

2. An intraocular lens according to Claim .1, the lens 
(2) being made up of two parts, the first part (8) and 
the second part (9) . 

3. An intraocular Lens according to Claim 2, in which 
the second part (9) of the lens is located in the center 
of the lens, on its main axis, and the first part (3) of 
the lens is located peripherally around the second part (9) 

4. An intraocular lens according to Claim 2, in which 
the first part (8) of the -lens is of a- first material and 
the second part (9) of the lens is of a second material, 
the second material having a refractive coefficient 
different from that of the first material. 

5. An intraocular lens according to claim 3, in which 
the second, central part (9) of the lens is a hole (9) 
cavity or depression formed in the- lens, or a piece of' 
another material embedded in it. 

6. An intraocular lens according to Claim 3, in which " 
the second, central part (9) of the lens is a hole which 
extends through the lens, a so-called pinhole. 

7- An intraocular lens according to Claim 2, in which 
the lens is aspherical, the first part (8) of the lens 
hav ing a refractive power different from that of its 
second part (9) . 
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8. An intraocular lens according to Claim 2, in which 
tne lens is divided radially through the center in such a 
way that its first half makes up the first part (16) ana 
its second half makes up the second part (17) . 

9. An intraocular lens according to Claim 2, in which 
the lens is divided into several sectors, every second par 
(U,. respectively 12) having the same focal distance. 

10. An intraocular lens according to Claim 2, in which 
the lens is divided into substantially concentric parf 3 , 
every second part (11- , respectively 12.', having mutually 
the same focal distance. 



WO 86/03961 



PCT/FI85/00103 



2/12 




WO 86/03961 



PCT/FI85/00103 



4/12 




WO 86/03961 



PCT/FI85/00103 




WO 86/03961 



PCT/FI85/00103 




00 



WO 86/03961 



PCT/FI85/00103 



9/12 




WO 86/03961 



PCT/FI85/00103 






INTERNATIONAL SEARCH REPORT 




InUrn.tion., Application No PCT/ FI 9 5/00 1 0 3 


■..CLASSIFICATION OF SUBJECT WATT EH Of st**r 4 . cUn.f.citJon sym&oU eaply. Indicate all) • 


According to Intarnational Patant Clarification (IPC) or to both National Clateificetion and IPC 


A 61 F 2/16, G 02 C 7/04 


11. FIELDS SEARCHED 


Minimum Oocumantatlon Saarchad 7 


Classification System 


Classification Symbola 


IPC 4 


A 61 F 2/16; G 02 C 7/04, /06 


IPC 3 


A 61 F 1/16 


US CI 


351:161, 167; 3:13 




Oocumantation Saarchad othsr than Minimum Oocumantatlon 




to tht Client that auch Documents ara Included In tha Fit Id a Saarchad • 



SE, MO, DK, FI classes as above 



III. DOCUMENTS CONSIDERED TO BE RELEVANT * 



Cattgory * I 



Citation ol Oocumtnt, 11 with Indication, whtrt appropriate ol tht rtltvant paaaagit " 



Raloant to Claim No." 



X 



X 



DE, Al, 3 33 2 313 (TITMU3 
LIMSEN GmbH) 
4 Aoril 1935 



EUROCON KONTAKT- 



EP, Al, 0 094 158 ( llESPERAilCE, F A) 



G3, A, 



16 


November 1933 


JP, 


' 58190439 


US, 


4435856 


CA, 


1190703 


2 105 366 (LYNELL 


INC) 


30 


March 1983 


FR, 


2510768 


DE, 


3228352 


US, 


4450593 


US, 


4473434 


CA, 


1192069 


JP. 


53065412 


US , 


4402579 


us. 


4466853 



1-10 



1, 2 



1,2 



• / * • • 



• Spacial categories of cltad documents: 

•A** documant defining tha general atata ol tha art which la not 
contidarad to ba ol particular relevance 

5?. r,itf d ©cumant but published on or after tna international 
filing data 

"L" documant which may »Vow doubta on priority clalm(a) or 
which ia citad to aatablnh tha publication data ol anothar 
citation or othar apacial raaacn (aa specified) 

documant rafarring to an oral ditdosura, uaa. exhibition or 
othir maant 

"P" documant published prior to tha intarnational filing data but 
latar than tha priority data claimad 



M T" latar documant publiihtd attar tha Intarnational filing data 
or priority data and not in conflict with tha application but 
citad to undaratand tha prlncipla or theory underlying tha 
invention 

"X* documant of particular relevance; tha claimed Invention 
cannot be conaidered novel or cannot ba coneldered to 
Involve an Inventive atap 

"Y" documant of particular relevance;' tha claimed Invention 
cannot ba conaidered to Involve an Inventive atep when the 
document ia combined with one or more other auch docu- 
ment i, t uch combination being obvloua to a paraon (lulled 
In the art 

"4" document member of the aama patant family 



IV. CERTIFICATION 



Data ol tK* Actual Completion of the International Saarch 

1986-03-17 



Oate of Mailing of tnla International Search Report 

1986 -03- 2 6 



International Searching Authority 

Swedish Patent Office 



Signature of AjKhVued Qtftter yty 

Kristina Rilton 



Form PCT/ISA/210 (second aheeO (January 1985) 



InUrnatlonal Application No. 



PCT/FI35/00103 



l!l. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Ougory • j Citation of Document. «ntn indention, appropriate, of r«4«v«nt paitio** 



Rtloanl to Claim No 



G3, A, 2 129 155 ( LI G TRUSTEES & MOM I 'I EES 
LTD) 

10 May 19Q4 
& EP, 0107444 
J?, 59146020 

US, A, 4 010 496 ( NEEFE ) 
3 March 1977 

US, E, 4 512 040 (McCLURE ) 
23 April 1985 

US, A, 3 037 425 (DE CARLE) 
13 November 1962 

US, A, 3 279 373 ( LOiJG ) 
10 October 1966 



4, 7, 9, 10 



1,2 



3-7 
3 



Form PCT1SA.210 Ultra ih««t) (Jirvtsy IMS) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

L 

\U BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGD3LE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



